Despite significant advances in medical technology and pharmacology, cardiovascular disease (CVD) remains a major contributor to health care expenses and the leading cause of death in the United States. Patients with established CVD and their health care providers are challenged with achieving cardiovascular risk reduction to decrease the likelihood of recurrent cardiovascular events. This "secondary prevention" can be achieved, in part, through adherence to prescribed pharmacotherapies that favorably modify major coronary risk factors (ie, hypertension, hypercholesterolemia, diabetes, and obesity). However, lifestyle modification can also be helpful in this regard, providing independent and additive benefits to the associated reductions in cardiovascular morbidity and mortality. Accordingly, physicians and other health care providers should routinely counsel their coronary patients to engage in structured exercise and increased lifestyle physical activity, consume a hearthealthy diet, quit smoking and avoid secondhand smoke, and purposefully address psychosocial stressors that may elevate cardiovascular risk. These lifestyle interventions, either as an adjunct to medication therapy or independently in those patients where medications may be poorly tolerated, cost prohibitive, or ineffective, can significantly decrease cardiovascular mortality and the risk of recurrent cardiac events.
D espite a 31% decline in cardiovascular disease (CVD) death rates from 2000 to 2010, 1 heart disease remains the leading cause of death in the United States, followed by cancer, respiratory disease, accidents, and stroke. 2 In 2010, US$193.4 billion was spent on direct medical costs associated with stroke and heart disease, excluding associated nursing home care expenses. 1 For those experiencing nonfatal cardiovascular events, coronary revascularization procedures and/or new cardiac diagnoses, patients and their health care providers are challenged with 651402A JLXXX10.1177/1559827616651402American Journal of Lifestyle MedicineAmerican Journal of Lifestyle Medicine
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the ongoing management and associated economic burden of their disease. Although scientific evidence supports guidelines-based pharmacotherapies for achieving cardiovascular risk reduction, adjunctive lifestyle modification in the setting of established CVD is arguably of equal importance in reducing the risk of recurrent cardiovascular events. Contemporary guidelines for coronary patients from the American Heart Association (AHA) and the American College of Cardiology Foundation (ACCF) identify "lifestyle modification" as a Class 1B recommendation for blood pressure control, physical activity, and lipid/lipoprotein, weight and diabetes management. 3 Accordingly, postmyocardial infarction (MI) patients who reported adherence to just 3 healthy lifestyle habits at 30 days post-hospital discharge-smoking cessation, regular exercise, and healthy eatingdemonstrated a 3.8-fold decreased risk of death, re-infarction, and stroke after 6 months as compared with those who adhered to none of these behaviors. 4 Reported data regarding adherence to healthy lifestyle choices in secondary prevention, however, are discouraging. In an economically diverse cohort of 7519 individuals with self-reported coronary heart disease or stroke histories, only 4.3% reported compliance with smoking cessation, a healthy diet, and high levels of regular physical activity, whereas 14.3% reported nonadherence to these lifestyle behaviors. 5 Similarly, a considerable percentage of patients receiving percutaneous coronary intervention (PCI) for stable angina do not achieve lifestyle and risk factor goals at 1-year postprocedure, leaving them at increased risk for recurrent events. 6 Thus, patients with CVD should be counseled to engage in purposeful lifestyle modification, including regular exercise and physical activity, smoking cessation and avoiding secondhand smoke, heart-healthy nutrition, and addressing adverse psychosocial modulators of behavior change, such as depression or anxiety, to optimize outcomes in secondary prevention.
The Role of Pharmacotherapy in Secondary Prevention
Adherence to prescribed pharmacotherapies in patients with CVD is a proven strategy in reducing the risk of recurrent cardiovascular events. Contemporary AHA/ACCF guidelines recommend beta-blockers, angiotensinconverting enzyme inhibitors (ACE-I) or angiotensin II receptor blockers (ARB), statins, and antithrombotic therapy in all post-MI patients. 3, 7 Table 1 summarizes the indications, mechanisms of action, and cautions/side effects for each. 3, 7, 8 Collectively, these medications, particularly when used in combination, are independently and strongly associated with lower 6-month mortality in patients with acute coronary syndromes as compared with patients in whom these medications are omitted. 9 Certainly, the efficacy of any medication is largely dependent on appropriate dosing and patient compliance. Arnold et al 10 found that although 87% of post-MI patients were prescribed a beta blocker, statin, and ACE-I or ARB at hospital discharge, only 1 in 3 were taking goal doses of all three medication classes. At 12 months postdischarge, goal doses of these medications were achieved in only 12%, 26%, and 32% of eligible patients, respectively. Using the Duke Databank for Cardiovascular Disease, researchers reported a "consistent use" rate of only 21% for combined adherence to aspirin, beta-blocker, and statin therapy. 11 Moreover, a recent report of adherence to secondary prevention pharmacotherapies in 7955 post-MI patients found that almost one-third had stopped taking at least 1 prescribed cardioprotective mediation at the 6-month follow-up. 12 Although cardioprotective medications favorably affect morbidity and mortality, suboptimal treatment or nonadherence are associated with a broad range of adverse outcomes in patients with coronary artery disease. 13 These findings suggest that medication dosing and nonadherence should be targets for physician-directed quality improvement interventions to maximize outcomes of patients with coronary disease.
Exercise, Fitness, and Physical Activity in Secondary Prevention
Cardiac medications play an integral role in optimizing secondary prevention outcomes; however, adopting healthier lifestyle behaviors are complementary in this regard. As with beta-blocker, statin, ACE-I/ARB, and anticoagulant therapy, exercise-based cardiac rehabilitation (CR) is considered a Class 1A recommendation, whereas physical activity is listed as a Class 1B intervention. 3 Structured aerobic exercise, increased lifestyle physical activity, or both, are associated with an improved coronary risk factor profile, including decreased platelet aggregation, resting systolic and diastolic blood pressure, and intra-abdominal and total body fat, improved insulin sensitivity and blood lipid profiles, and enhanced cardiorespiratory fitness. 14 One widely cited meta-analysis of 48 trials including 8940 patients reported that exercisebased CR was associated with reduced cardiovascular and all-cause mortality rates of 20% and 26%, respectively, as compared with usual care. 15 Greater reductions in total cholesterol, triglyceride levels, systolic blood pressure, and self-reported smoking rates were also observed. Moreover, the health benefits derived from CR appear to be largely maintained, at least over a 1-year follow-up. 16 Others have demonstrated similar findings. Iestra et al 17 estimated regular physical activity to be associated with a 25% reduction in mortality risk for CVD patients in their review of 3 metaanalyses, 10 randomized controlled trials, and 9 cohort studies. Separate analyses have reported comparable or lesser mortality benefits in older coronary patients 18 and those with systolic heart failure, 19 respectively. Furthermore, an analysis comparing exercise-based programming per se with more comprehensive CR programs found that Abbreviations: CVD, cardiovascular disease; ACS, acute coronary syndrome; AMI, acute myocardial infarction; HF, heart failure; HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme A; LDL-C, low-density lipoprotein cholesterol; total-C, total cholesterol; Apo-B, apolipoprotein-B; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; ACE-I, angiotensinconverting enzyme inhibitor; STEMI, ST-elevation myocardial infarction; LVEF, left ventricular ejection fraction; ARB, angiotensin-II receptor blocker; MI, myocardial infarction; ACE, angiotensin-converting enzyme); P2Y12, purinergic receptor P2Y, G-protein coupled, 12; PCI, percutaneous coronary intervention. a Each medication class contains agents which may differ in pharmacology, indications for approved use, and specific adverse effects. The table above represents a general summary of the medication class. For individual drug information, refer to specific drug references. exercise-only programs were associated with a reduction in all-cause mortality of ~25%. 20 Improved cardiorespiratory fitness (CRF), expressed as peak metabolic equivalents (METs; 1 MET = 3.5 mL O 2 /kg/min), can be achieved through progressive moderate-to-vigorous training. As with structured exercise and increased lifestyle physical activity, CRF has been consistently associated with reduced all-cause and cardiovascular mortality, as well as a lower risk for recurrent MI and coronary revascularization in secondary prevention. [21] [22] [23] Reported reductions in all-cause mortality per 1-MET increase in CRF have ranged from 8% to 14% in non-CR settings, [21] [22] [23] to as high as 31% to 45% in selected CR cohorts. [24] [25] [26] [27] 
Exercise and CRF Versus Pharmacotherapy
Studies comparing the independent and/or additive effects of pharmacotherapy versus increased CRF or physical activity in patients with CVD are limited. The survival benefit conferred by low-dose aspirin, statins, beta-blockers, and ACE-I therapy following acute MI is comparable to the reported reduction in mortality associated with a 1-MET improvement in CRF. 28 Welty et al 29 evaluated the impact of superimposed exercise on the Therapeutic Lifestyle Changes diet in 27 patients with established CVD. Fifty-nine percent of participants were taking lipidlowering drugs at intake, with no change in their medications during the 6-month study. Adding just 30 minutes of daily exercise to their treatment regimen allowed 89% of participants to achieve a low-density lipoprotein cholesterol <130 mg/dL, without lowering the cardioprotective high-density lipoprotein cholesterol subfraction.
To clarify the combined effects of statin treatment and CRF on all-cause mortality, Kokkinos et al 30 followed 10 043 military veterans with dyslipidemia over a median follow-up of 10.0 years. Although only 42% of participants had a history of CVD, both statin therapy and higher CRF levels were associated with reduced all-cause mortality, independent of other clinical characteristics. Furthermore, in participants not taking statins, achieving a CRF >9 METs conferred a reduced mortality risk comparable to (or even slightly lower than) those on statin therapy with only "moderate" or "fit" exercise capacities (5.1-9.0 METs). Thus, higher levels of CRF and statin therapy, especially in combination, can profoundly increase survival in patients with known lipid abnormalities. Figure 1 conveys the impact of regular exercise on selected cardiovascular risk factors and other outcome modulators as compared with statin therapy in the secondary prevention of coronary disease. 31 Lifestyle interventions, including regular physical activity, may also be highly effective in pre-diabetes management. In a cohort of 3234 participants with elevated fasting plasma glucose concentrations, those randomized to a lifestyle modification program with the goals of ≥150 minutes of physical activity per week and a reduction in body weight of ≥7% demonstrated a 58% reduction in the incidence of diabetes over a 2.8-year follow-up, as compared with placebo controls. 32 Conversely, participants randomized to metformin therapy reduced the risk of developing diabetes by only 31%, further highlighting the comparable or greater impact of lifestyle change versus drug therapy.
Considerations for Exercise in Secondary Prevention
Despite overwhelming evidence for its effectiveness in primary and secondary prevention, adherence to evidence-based structured exercise and physical activity recommendations remains suboptimal. 5, 33 In 2014, only 49.2% of adults reported activity levels that met contemporary recommendations, 33 and nearly 30% of adults reported no leisure-time aerobic activity. 1 Moreover, sedentary lifestyle behaviors (ie, prolonged sitting) are associated with metabolic derangements Comparison of the effects of structured exercise and statins on varied risk factors and health outcome modulators in the prevention of recurrent cardiovascular events. Although both regular exercise and statins appear to confer substantial decreases in cardiovascular mortality, the superiority of exercise over statins is apparent when other variables are considered. and other adverse health outcomes, including increased all-cause and cardiovascular mortality, independent of leisure-time physical activity. 34 Because patient adherence to physical activity regimens and exercise-based CR is strongly related to the fervor of physician endorsement, 35 coronary patients should be regularly counseled to engage in moderate intensity aerobic exercise for 30 to 60 minutes, ≥5 days per week, complemented by increased lifestyle physical activity. 3 When encouraging patients to adopt such lifestyle changes, motivational interviewing techniques, physician-patient collaborative communication, and varied fitness-based technologies (ie, pedometers, accelerometers, heart rate monitors, software-based applications) may be helpful in promoting behavior change. For example, pedometer usage is associated with improved indices of cardiovascular health, including increased physical activity levels, decreased body mass index, and reduced blood pressure. 36 
Smoking Cessation in Secondary Prevention
Smoking is a major preventable contributor to disease and disability, associated health care expenses, and premature death worldwide. Smoking and exposure to secondhand smoke significantly increase the risk of CVD and stroke, some cancers, premature delivery and other birth complications, respiratory illnesses including chronic obstructive pulmonary disease, fertility problems, and bone degeneration, among others. 37, 38 Recent data from the US Surgeon General indicates that ≥42 million American adults (almost 1 in 5) are current cigarette smokers, accounting for 480 000 deaths each year. 37, 39 Numerous public awareness campaigns over the past several decades have emphasized the broad health risks associated with cigarette smoking, likely orchestrating a steady decline in incidence rates ( Figure 2 ). 40 Smoking and exposure to secondhand smoke undoubtedly contribute to initial and recurrent cardiovascular events. Acute exposure to smoke triggers a cascade of adverse cardiovascular responses, including enhanced hypercoagulability, reduced oxygen delivery to the tissues, increased inflammation, and coronary vasoconstriction. Unfortunately, recent data suggest that approximately one-third of smokers continue to smoke after an acute MI, despite the known health consequences. 4 One systematic review of 20 studies found a 36% reduction in mortality risk for coronary patients who successfully quit smoking, as compared with those who continued to smoke. 41 Other reports substantiate that the risk for recurrent cardiovascular events significantly increases for active smokers following an incident MI, whereas quitters achieve a risk equal to nonsmokers 3 years after cessation. 42 The risk for sudden cardiac death is also higher in coronary patients who continue to smoke. 43 Compared with the salutary impact of moderate-and high-dose statin therapy in the IDEAL 44 and TNT trials, 45 smoking cessation was associated with more than double the reduction in absolute death rates, further supporting the need for smoking cessation interventions in secondary prevention. 46 Although the morbidity and mortality benefits of smoking cessation are compelling, quitting can be challenging for many coronary patients. In particular, younger individuals, nonparticipants in CR, patients who are severely depressed, long-time cigarette smokers, and those regularly exposed to environmental smoke, report a lower readiness for smoking cessation. 47 Conversely, Snaterse et al 48 found that post-MI patients who quit smoking immediately after their acute cardiac event were more likely to maintain abstinence at 1-year follow-up, without relapse prevention support. Another review concluded that smoking "reduction" may also be an effective tool; however, measurable health benefits accrue only if cessation is ultimately achieved. 49 Thus, encouraging patients to quit following an acute cardiac event, in addition to identifying and remediating barriers that may adversely affect motivation, should be addressed.
Approaches to Smoking Cessation
Smoking cessation interventions in secondary prevention may include both pharmacologic and behavioral approaches. In a review of clinical trials examining 6-and 12-month abstinence rates among cardiac and noncardiac populations, all smoking cessation aids demonstrated modest benefits as compared with placebo. 50 Several smoking cessation medications are currently available, including nicotine inhalers, patches, and gum, antidepressants such as bupropion, and nicotinic receptor partial agonists (varenicline). Although the effectiveness of bupropion in primary prevention settings 51 and in patients with stable CVD 52 has been demonstrated, similar data in patients after an acute MI are lacking. 53 Varenicline may be effective if initiated in-hospital following an acute cardiac event; however, additional studies are needed to substantiate the safety of this approach. 54 To clarify the overall safety of pharmacologic smoking cessation therapy, a meta-analysis of 63 randomized controlled trials, 8 of which included CVD patient populations, evaluated adverse responses to nicotine replacement therapy, varenicline, and bupropion interventions. 55 No increase in cardiovascular event risk was observed with bupropion or varenicline, whereas a heightened risk of less serious events (ie, tachycardia) was noted with nicotine replacement. Investigators also examined major adverse cardiovascular events, demonstrating modest protective effects with bupropion and no clear evidence of harm with nicotine replacement or varenicline. Authors concluded that pharmacologic smoking cessation interventions were unlikely to increase the risk of serious cardiovascular events.
Electronic cigarettes (or e-cigarettes), which emit nicotine-containing vapors into the lungs, have been suggested as a healthier smoking alternative and cessation aid. However, e-cigarettes remain largely unregulated, resulting in inconsistent product engineering and potential health risks associated with their use. A recent scientific review including both population studies and clinical trials concluded insufficient evidence exists to support e-cigarettes as a tool for smoking cessation. 56 Moreover, no long-term studies evaluating safety are available because of e-cigarettes' limited time on the market, leaving many important questions unanswered. Thus, providers should exercise caution when suggesting e-cigarettes as a quitting aid or smoking alternative, and strongly urge patients who pursue this option to avoid long-term use.
Psychosocial interventions are also useful in helping coronary patients reduce and quit smoking, including individual and group behavioral therapeutic approaches, self-help materials focused on smoking cessation or risk factor modification, physician and nursing advice/counseling, proactive outreach, telephone support, or combinations thereof. A systematic review of 40 randomized controlled trials using behavioral approaches, self-help materials, and telephone support in coronary patients found an overall positive and comparable effect on abstinence at both 6 and 12 months, although selected cohorts were poorly represented in the study populations (ie, women, younger patients, non-MI diagnoses). 57 More aggressive and longer duration interventions were associated with increased quit rates; however, the 7 trials that assessed longer-term impact found no benefit at 5 years. Proactive outreach, where smokers are purposefully identified and offered evidence-based smoking cessation interventions, has also shown promise. In a study of 6400 veterans who were identified as active smokers, including a substantial cohort with known CVD (~27%), those randomized to proactive care demonstrated higher smoking abstinence at 1-year versus a usual care control group. 58 Contemporary technology is increasingly utilized in health care, and smoking cessation interventions are no exception. Electronic aids, such as Internet sites, computer programs, and text message initiatives are increasingly employed to assist individuals quit smoking. Chen et al 59 reported that electronic aids increased the likelihood of smoking cessation as compared with generic self-help materials or no intervention. Although the effect was modest, it appeared to be cost-effective.
To clarify the independent or additive benefits of pharmacologic and psychosocial cessation interventions, Stead and Lancaster 60 conducted a large-scale analysis of 41 randomized or quasi-randomized controlled trials, including more than 15 000 participants. Combined pharmacotherapy and behavioral treatment was superior to usual care, less intensive behavioral support, or brief advice (risk ratio: 1.82), especially when analyzing studies that recruited participants from healthcare versus community-based settings (risk ratio: 2.06). In a study that combined intensive smoking cessation counseling with pharmacotherapy in hospitalized acute-MI patients, quit rates, all-cause mortality, and hospital readmissions were all positively affected as compared with a usual care group. 61 In another systematic review, Rigotti et al 62 found that smoking cessation interventions initiated during hospitalization for acute coronary syndrome (ACS), when sustained for ≥1 month post-hospital discharge, were associated with increased abstinence rates. Hospitalized patients who received nicotine replacement therapy demonstrated higher quit rates over counseling alone, whereas bupropion and varenicline administration had no additive effects.
Nutrition in Secondary Prevention
Numerous studies now suggest that dietary practices are strongly associated with the development of CVD and its associated sequelae. As demonstrated by the ONTARGET and TRANSCEND trials of high-risk patients with existing CVD or diabetes who were on drug therapies for secondary prevention, a healthy diet rich in whole grains, nuts, fish, fruits, and vegetables was associated with an ~20% reduction in the risk of recurrent cardiovascular events as compared with a high-fat, high-cholesterol diet. 63 Similarly, in a recent study that evaluated post-MI patients from prospective cohorts of the Nurses' Health Study and the Health Professional Follow-Up Study, a higher quality diet was associated with a lower risk of all-cause mortality. 64 
Dietary Patterns and Pharmacotherapy in Primary and Secondary Prevention
The role of nutrition in the development and manifestation of CVD is multifaceted and likely involves progressive increases in inflammatory markers and conventional coronary risk factors. Historically, research on diet and CVD focused on individual dietary components such as total and saturated fat and cholesterol, and food groups, including fruits, vegetables, and fish. More recently, studies have emphasized the influence of dietary patterns, including the Dietary Approaches to Stop Hypertension (DASH) or the Mediterranean Diet (MD), as discussed below.
The DASH diet, consisting primarily of fruits, vegetables, fish, lean meat, and low-fat dairy, is naturally low in sodium, cholesterol, and fat. This dietary pattern significantly decreases blood pressure, 65, 66 enhances the impact of antihypertensive medications, 67 and reduces the risk of developing CVD 68 and its associated morbidity 68 and mortality. 69, 70 Of note, many investigations provided DASH-specific food products to study participants. Although rigorous dietary control likely augmented study validity, this may limit the generalizability of the results to "real world" situations. 71, 72 Despite an abundance of primary prevention studies in apparently healthy and "at-risk" subjects, few data are available regarding the effect of the DASH diet in secondary prevention.
An alternative dietary approach, the MD, is characterized by a high consumption of fruits, vegetables, whole grains, marine protein, a moderate intake of olive oil and red wine, and limited meat, dairy, sweets, and processed foods ( Figure 3 ). 73, 74 Literature suggests that the MD has a favorable but modest impact on blood pressure 75, 76 and blood lipids, 76, 77 whereas its effect on weight management remains unclear. A meta-analysis comparing the MD to low-fat diets found that subjects randomized to the former had greater reductions in body weight after 2 years as compared to those consuming the latter. 76 Conversely, a large cohort study of apparently healthy young-to-middleaged women failed to demonstrate decreases in body weight or waist circumference over a 12-year follow-up, even with high adherence to the MD. 78 Additionally, research suggests that the MD may reduce the severity and incidence of coronary artery disease (CAD) and its associated inflammatory indices. The ATTICA study, including more than 3000 apparently healthy Greek men and women, demonstrated that higher adherence to a MD was independently associated with reduced inflammatory biomarkers such as C-reactive protein (CRP), interleukin-6, and white blood cell count, regardless of weight loss. 79 Substantiating these findings, Nordmann et al 76 reported improvements in coronary risk factors with adherence to the MD, including reduced CRP. Among persons at high cardiovascular risk, a MD supplemented with extra-virgin olive oil or nuts reduced the incidence of major cardiovascular events by ~30%. 80 Similarly, the ATTICA study found that adherence to the MD reduced the risk of CVD by nearly 30% in patients without established CVD, independent of statin use. 81 To evaluate the effects of the MD in secondary prevention, investigators have examined its impact on the severity of CAD and the incidence of recurrent cardiovascular events following an acute MI. Akgüllü et al 82 reported a negative correlation between adherence to the MD and severity of CAD in patients with established heart disease, possibly due to the associated anti-inflammatory effects. In a single-blinded, randomized study comparing the MD with a standard cardiac diet, post-MI subjects randomized to a MD demonstrated lower rates of re-infarction and cardiac death at both the 27-month 83 and 48-month 84 followups. Moreover, Iestra et al 85 noted improved prognosis for post-MI patients who maintained at least 3 of 4 health behaviors: compliance with a MD, moderate alcohol consumption, nonsmoking behavior, and/or regular moderate to vigorous physical activity.
Others have investigated the impact of a MD on endothelial function. In 131 patients with established CVD and hyperlipidemia, those randomized to a MD (n = 68) demonstrated significant improvements in brachial artery flow-mediated vasodilatation after 1 year as compared with a usual-care control group (n = 63). 86 Participants in both groups were prescribed the same statin type, dosage and frequency at baseline, highlighting the independent and additive benefits of the MD for improving endothelial function.
Considerations for Nutrition in Secondary Prevention
As demonstrated by the nursecoordinated EUROACTION trial, lifestyle choices that include heart-healthy nutrition can significantly decrease cardiovascular risk. 87 This familycentered primary and secondary intervention trial for those with or at high risk for CVD demonstrated reduced blood pressure and central obesity measurements after lifestyle modification, including healthier food choices and increased physical activity. Over the course of 1 year, these benefits were achieved with fewer medications, except in very high-risk individuals, as compared with the usual care group. In a more recent report, researchers determined that lifestyle counseling that included cardioprotective dietary modifications was effective in reducing cardiac events and increasing the likelihood of positive lifestyle changes among post-coronary artery bypass graft and valvular surgery patients. 88 Increasing evidence suggests that a heart-healthy diet reduces cardiovascular risk not only by favorably modifying lipids, 89, 90 blood pressure, body weight, and insulin resistance, but by reducing inflammation as well. 90, 91 Independent of statins or weight loss, therapeutic lifestyle changes such as those promulgated by comprehensive CR programs result in substantial reductions in CRP, similar in magnitude to statin therapy. 92 Thus, in the secondary prevention of CVD, it is imperative to address dietary habits soon after hospital discharge, ideally in an exercise-based outpatient CR program. Over time, the initial fear of recurrent cardiac events may dissipate, and the motivation, commitment, and likelihood of healthy dietary choices may diminish, particularly in those patients with inadequate or inaccurate recall of information, poor self-control, and limited psychosocial support. 93 
Psychosocial

Considerations in Secondary Prevention
Numerous behavior patterns, psychological disorders, personality traits, and social factors, either singly or collectively, may increase the risk of initial and recurrent cardiovascular events. Included among these harbingers of CVD are depression, anxiety, hostility, anger, and social isolation. 94, 95 Given the number and complexity of psychosocial modulators influencing heart health, discussion will focus on the impact of depression on CVD, along with the nonpharmacologic and lifestyle interventions that have shown promise in secondary prevention.
Depression and Cardiovascular Disease
An estimated 31% to 45% of all coronary patients suffer from mild-tomoderate clinically significant depression, 96 and an additional ~20% present with a major depressive disorder (MDD). 97 Comparing these rates with the general population, 1 national community sample reported the prevalence of current (30-day) MDD at 4.9%, and a lifetime risk of 17.1%. 98 Moreover, the prevalence of depression in secondary prevention may be underreported, as these patients are less likely to receive a depression diagnosis than their apparently healthy counterparts. 99 Although not currently listed among the conventional risk factors for heart disease, a recent scientific statement by the AHA recommends that depression should be elevated to risk factor status in patients with ACS because of its profound impact on prognosis. 100 This statement closely followed an earlier AHA Science Advisory recommending depression screening for all patients with heart disease. 101 The 2-step AHA screening process for depression using the Patient Health Questionnaire (PHQ)-2 and PHQ-9 surveys is valid, reliable, and feasible, 102 as well as highly specific for depression in identifying those patients at elevated risk for recurrent cardiac events and poorer outcomes. 103 Depression screening may occur in primary care, cardiology or exercise-based CR settings, so that patients are accurately identified and treated.
Indeed, depression is an independent and powerful predictor of short-and long-term outcomes in patients with CVD. [104] [105] [106] [107] Studies have consistently demonstrated that clinical depression is associated with an approximate 2-fold increased risk of mortality in cardiac populations, 106 and more specifically, a 2.0 to 2.5 fold increased risk of recurrent cardiovascular events and mortality in post-MI patients. 108 Milani and Lavie 109 reported an even higher mortality risk, that is, a 4-fold increase, for depressed coronary patients as compared with their nondepressed counterparts. Multiple studies have also shown that postbypass patients with depression have an increased risk of recurrent cardiac events 110, 111 and cardiovascular mortality. [110] [111] [112] 
Behavioral, Biological, and Personality Mechanisms in Depression and Cardiovascular Disease
The potential mechanisms linking depression and recurrent cardiovascular events are multi-factorial and complex (Figure 4 ). 113 Compliance with lifestyle behavior modification, such as adherence to prescribed medications, attendance at CR, and participation in regular exercise, is markedly reduced in cardiac patients with depression. [114] [115] [116] Depressed patients with CVD are at twice the risk of noncompliance to prescribed therapies, as compared with their nondepressed counterparts. 117, 118 Depression is also a potential barrier to enrollment in comprehensive CR and exercise participation, both of which reduce the risk of recurrent cardiovascular events. Kronish et al 114 found that persistent depression at 3 months post-ACS was significantly associated with lack of participation in regular exercise and enrollment in CR. Thus, the relationship between CVD and depression could, in part, be due to the fact that depressed patients are more likely to decline, avoid, or be nonadherent to prescribed therapies, resulting in poorer outcomes.
Biological mechanisms such as inflammation, increased platelet activity and aggregation, and autonomic nervous system dysfunction may also contribute to the increased risk of CVD and recurrent cardiovascular events. 113 Kop et al 119 reported that inflammation, evidenced by biomarkers CRP, interleukin-6, fibrinogen, and white blood cell count, accounted for 12.7% of the effects of depression on cardiovascular mortality. Moreover, in 2 studies evaluating the relation of inflammation to depression and incident CVD, 120, 121 the association between depression and CVD was modestly linked to inflammatory biomarkers. The autonomic nervous system may also bridge the association between depression and inflammation in CVD. Increased sympathetic and decreased parasympathetic activity confers reduced heart-rate variability (HRV), which is associated with heightened mortality in Negative impact of depression on lifestyle behaviors and plausible, associated adverse biological mechanisms, leading to increased recurrent cardiovascular events and heightened mortality.
post-MI and heart failure patients. 122, 123 In a study of 72 outpatients with stable CVD (40 meeting major depression criteria, and 32 nondepressed), an inverse relation was observed between HRV and depression; that is, the greater the depression, the lower the HRV. 124 Others have shown the relation between HRV and inflammatory biomarkers was strongest in stable coronary patients with elevated depressive symptoms, even after controlling for potential confounders, including beta-blocker therapy. 125 Several smaller studies have linked elevated platelet activation levels and depression with increased adverse outcomes. [126] [127] [128] [129] In contrast, the Heart and Soul study found that stable coronary patients with major depression exhibited no difference in platelet activation levels as compared with their nondepressed counterparts. 130 Though it appears that antidepressant drug therapy may reduce platelet activation, 128, [131] [132] [133] it remains unclear whether this favorably affects cardiovascular morbidity and mortality. 133 
Psychosocial Predictors of Cardiovascular Risk
Personality traits such as anxiety, anger, and hostility are potential outcome modulators in patients with CVD. Nakamura et al 134 reported that although depression was superior to anxiety for predicting adverse cardiac outcomes in hospitalized patients with CVD, anger was associated with more favorable outcomes. In a prospective study of >400 patients referred for PCI, high preprocedure anxiety levels were associated with lower mortality and a reduced risk of major cardiovascular events. 135 Most studies, however, indicate a higher risk of CVD, recurrent cardiovascular events, and/or poorer outcomes in patients with high anxiety, hostility, and/or anger. [136] [137] [138] [139] [140] A limited social support network also predicts adverse outcomes in secondary prevention, and is comparable to traditional cardiac risk factors (i.e., hypertension, smoking) as a prognostic indicator. 141 Previous studies suggest an increased risk of cardiovascular events 142 and associated mortality 143 in patients with established CVD having low levels of social support. Barth et al 144 found that low functional support (perceived benefit of the relationship components) was associated with higher cardiovascular mortality in patients with coronary disease, whereas the impact of low structural support (frequency of contact in one's social network) on survival was unclear. Accordingly, secondary prevention programs should include efforts to evaluate and address deficiencies in patient social support.
Pharmacotherapy, Lifestyle Interventions, and Considerations
Historically, the gold standard for the treatment of MDD has included prescribed antidepressant medications and psychotherapy; however, only 55% of clinically depressed patients seek treatment. 145 Accordingly, research has increasingly focused on the effectiveness of lifestyle interventions, most notably, structured exercise and physical activity, as a complementary or alternative therapeutic option. [146] [147] [148] [149] Blumenthal et al 149 evaluated 156 older men and women with diagnosed depression, randomizing them to one of 3 groups: aerobic exercise, medication treatment with sertraline, or combined exercise/ antidepressant therapy. Although patients in the medication-only group showed earlier improvements in depressive symptoms, all groups demonstrated comparable and statistically significant decreases in depression scores over the 16-week study period. Accordingly, exercise was equally effective in reducing depressive symptoms in this older cohort, a promising finding for patients who may be resistant to traditional antidepressant treatments.
Other research studies have attempted to clarify the impact of exercise as an alternative therapeutic option for treatment-resistant patients with clinical depression. Thirty-three patients taking traditional antidepressive combined therapies for 9 to 15 months, without evidence of clinical remission, were randomized to a control pharmacotherapy-only group or pharmacotherapy plus a 12-week home-based walking program. 150 Although none of the participants in the control group experienced remission, 26% of those in the exercise group showed remission and 21% demonstrated improvement in depression indices and functional parameters. Thus, a simple home-based walking program as an adjunctive therapy may yield significant improvements in treatment-resistant patients with depression.
Research employing a female-only cohort also supports the notion that exercise may be an effective complementary treatment option. Carneiro et al 148 reported that a small cohort of women randomized to an antidepressant/exercise group reduced anxiety (P = .025), stress (P = .012), and self-reported depressive symptoms (P = .031), as compared with an antidepressant-only control group. Moreover, women in the treatment group also demonstrated increased performance on varied functional assessments, highlighting the additional benefits accrued by participating in regular exercise.
Although woefully underutilized, comprehensive CR may be effective in reducing the adverse impact of psychosocial risk factors on recurrent cardiovascular morbidity and mortality largely via the associated counseling, social support and exercise interventions. Yohannes et al 151 found that a brief, 6-week CR program improved quality of life, physical activity status, anxiety and depression, benefits that persisted at 12-month follow-up. While women may have higher reported levels of depression at program entry, both men and women experience a reduction in depressive symptoms after CR. 152 And in a systematic review, Whalley et al 153 found that although psychological interventions in CR did not appear to further reduce the incidence of MI or all-cause mortality, they favorably modified depression, anxiety, and cardiac mortality independent of other components of CR, such as structured exercise.
Notably, some antidepressants may negatively influence selected cardiovascular risk factors, including hypercholesterolemia, diabetes, and long-term weight management. [154] [155] [156] To clarify the impact of antidepressant therapy on health outcomes, Gordon et al 157 evaluated cardiovascular risk factor improvements among nondepressed and depressed medicated and nonmedicated coronary patients after CR. All cohorts demonstrated comparable improvements in blood pressure, weight, fasting glucose, body mass index, and cholesterol levels, highlighting the efficacy of exercise-based programming irrespective of antidepressant treatment.
Studies that specifically address the associations among depression, lifestyle interventions and prescribed pharmacotherapies in patients with established CVD are limited. Compared with usual care, coronary patients in the UPBEAT trial who exercised 3 times per week for 30 to 45 minutes per session achieved greater reductions in depressive symptoms. 158 Demonstrated improvements were similar to, if not greater than, those achieved with antidepressants (sertraline) in those with diagnosed MDD. Despite limited evidence in secondary prevention, the range of cohorts where exercise has favorably affected depression as an adjunct to antidepressants (ie, older participants, women) is encouraging. Moreover, patients with and without CVD who engage in regular exercise demonstrate acute and chronic physiological responses that may combat depression, including reduced inflammation, improved metabolic parameters, and augmented release of mood-elevating hormones.
Like other bona fide treatments for depression, the efficacy of exercise and/or CR may be attenuated if patient compliance is suboptimal. Research consistently cites long-term exercise compliance as a significant challenge. 159 Thus, when suggesting or recommending exercise to depressed patients, physicians and health care providers should clearly communicate the potential benefits of exercise, consider incentivizing strategies that may optimize adherence, and provide appropriate resources and support (ie, referral to a comprehensive CR program) for initiating and maintaining a regular exercise program. One investigation reported a 73% lower mortality rate in depressed patients who completed CR versus their nonadherent counterparts. 109 Accordingly, empowering patients with individualized education, counseling, and support is critical in optimizing treatment for depression and achieving desirable improvements in cardiovascular outcomes.
Conclusion
Physicians and other health care providers have a unique opportunity to provide comprehensive secondary prevention interventions to their patients with established CVD. Accordingly, recommendations should extend beyond prescribed cardioprotective pharmacotherapies to include lifestyle modifications that facilitate cardiovascular risk reduction. Contemporary guidelines for coronary and other atherosclerotic disease patients include lifestyle modification strategies in addition to pharmacotherapy 3,7 that when incorporated into clinical practice result in decreased 30-day and 1-year mortality. 160 Lifestyle changes, including regular exercise, following a hearthealthy diet, quitting smoking and avoiding secondhand smoke, and addressing depression and other psychosocial modulators of behavior, provide independent and additive benefits to patients with CVD. Thus, physicians and paramedical professionals should purposefully educate their patients regarding evidence-based lifestyle changes, discuss implementation strategies, identify perceived barriers to behavior change, provide access to resources and support, engage in goal setting, and revisit mutually agreed-upon goals and actions on an ongoing basis, to further optimize secondary prevention.
The proven, salutary impact of comprehensive lifestyle modification has been overlooked and underemphasized as a first-line approach to stabilize overt CVD. Effective pharmacotherapies and coronary revascularization should be complemented by enhanced efforts to identify and favorably modify conventional risk factors and their underlying causes. More than a decade ago, Wald and Law 161 proposed a cardioprotective polypill as a population strategy to combat CVD, combining the incremental benefits of combination drug therapies (ie, aspirin, statins, beta-blockers, ACE-I) in a single pill. Numerous promising preliminary studies 162 as well as pharmaceutical interests and consumer demand (ie, convenience) suggest that a cardioprotective polypill may soon be commercially available. We recommend that treatment with the pill be accompanied by the following "User Directions": Take medication each day in the prescribed dosage, followed or preceded by ≥30 minutes of moderateto-vigorous physical activity, in combination with a heart-healthy diet, weight management, the cessation of cigarette smoking and the avoidance of secondhand smoke, and interventions to address psychosocial risk factors, if appropriate. 163 
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